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1 
I N T R O D U C T I O N 
The nitro group appears in organic compounds bonded 
both to carbon and oxygen. The compounds in which it is on 
carbon can be clsssified as nitroalkanes, olefins and aromatics, 
whereas those in which it is bonded through oxygen are known 
as alkyl nitrates. Of the aromatic compounds the simplest, 
nitrobenzene, is an iraoortant industrial solvent, trinitrobenzene 
and toluene are well known explosives. Reduction of aromatic 
nitro compounds leads to aniline derivatives which are of 
fundamental importance in the dye stuff industry. Alkyl nitrates 
obtained through nitration of alcohols are of value only as 
explosives. The nitroalkanes were untill recently not put to 
any significant use but with the emergence of suitable reagents 
for their selective conversion to carbonyl compounds and 
improved methods for effecting aldol and Hichael type conden-
sations "'ith nitroalkanes these, as well as nitro olefins, have 
acquired great synthetic potential. The following pages present 
a brief r';view of the developments in this area. The information 
from reviews and recent literature was collected in the context 
of some preliminary work with nitro compounds which was under-
taken as part of the v/ork undeT> the M.Phil programme. 
2 
T H E O R E T I C A L 
The Nef Reaction: Nef is credited with the discovery 
of two reactions, the conversion of primary and secondary nitre 
compounds to aldehydes and ketones and the formation of alcohols 
from the condensation of sodium acetylide with aldehydes and 
p 
ketones. In the interest of clarity it v/as suggested that only 
the first of these should be known as the Nef reaction but the 
RugRestion has been ignored and both reactions continue to 
carry his name. The conversion requires strongly acidic conditions, 
which puts a limitation on its use and can be applied to primary 
and secondary nitroparaffins or their salts. The salts, 
resonance hybrids of two structures, are known as sodium salts 
of aci-phenyl nitromethane, sodium phenyl methanenitronate or 
more conveniently and simply as sodiophenylnitromethane when 
R and H' are H and Ph^. 
R'v ./iO R' ^ 
C — N « * C = N 
R^ ^ 0 R ^ 0 
The reaction has been employed for chain lengthening 
through condensation of nitromethane with aldehydes. This has 
found use in the preparation of desoxysugars from aldoses. 
3 
CH^-NO^/GH^O Na 
R-CH=0 • •K-CH (OH)-CH^-NO^ 
in CH-,-OH '^ "^ 
1-2N NaOH - + ^^2^4 
• R-CH (0H)-CH=N02Na • R-CH(OH)_GHO 
(dl) 
Aldoses can also be converted to ketoses by reacting them with 
1-hydroxy-2-nitroethane (nitroethanol). 
GH-,NO^  OH Ac^O 
3 2 I 2 R (CHOH) -CHO • R (CH0a)^-CH-CH2-N02 
OAc NaHCO^ H H V P d 
K (GHOAc) -GH-GH^-NO^ • R (GHOAc)^-G=GH-NO^ 
1N-NaOH 
R (GHOAc) -GH^-CH^-NO^ • K (GH0H)^-CH5-CH0 
;uen H2B0^ a t O^C 
HO-CH2-GH=N02Na OH2OH H^SU^ 
K-CHO • R-GH ( OH ) -G^ND^Na 
0 
R GH(0H)-G-GH2-0H . 
3 ^ y-Keto acids and sulphones have been prepared ' 
through Michael addition as in the reaction of 2-moles of 
acrylate with nitromethane. 
4 
A) CH,N02 + 2 GH2 = GH-COOK 
base 
-^ O^NCH (CH2CH2C00R)2 
i) HO/H^O 
^^-^0=0 (CH^CH^COOP)^ ii) H'^ /H20 
0 Et^N COOK 
B) CHJ-CH2-CH2-NO2 + CH2=CH-G-0R *-CH^ -CH2-CH(iN02)-CH2-(':H2 
0 
1) 6% NaOH _^ CH,-GH2-G-CH2-CH2-C00R 
ii) H2S0^(1:4.5) 65% 
Nitro olefins are very g;ood dienophils and have been 
condensed with substituted butadienes and cyclopentadiene 5,6 
R 
R. ^ f-
5 
+ I 
NO, 
Nef Reaction 
-• X 
Hp/Cat 
Nef 
Reaction 
Mechanism; 
As in the treatment of salts with mineral a^ -^ids, the 
reaction of nitronates gives nitronic acids -md a new salt. 
\ „ 
R ^ y 
N + HA :N + M + A 
The nitronic acids have been isolated in a number of 
cases and reacted with acid to give a carbonyl compound. The 
cold HCl PK NOH 
^CH - C - Ph 
p^ / ether 
^ ^GH - C - Ph 
5 7 8 
transient blue or p;reen colour that has been observed^''' m 
the reaction of nitronates with acids has been attributed to 
the formation of nitroso compounds. The blue colour disappears 
+ ^ 0 Na ,. . , „., t9Y-
CH^-CH=N; Oo.^ d HOI ^ cii^ -GH = ii to \n ^ ""3 
'0 + 
CH-,-CH = N = 0 "•[OH^-CH-NO I •CH^CHO + CH,-U=:lNOH 
•- OH -^  OH 
sky blue 
as the nitroso comnound is hydrolysed. Such compounds have 
never been isolated from Nef reaction, 1-chloro-1-nitrosoethane 
(as dimer) was isolated by Heinkopf and Jurgens , A detailed 
+ Ljpn remove ether 
H U-GH= NOpWa ^^^ •CH^.-CH-WO • 
^ 5 min. ^ ^-^ 
OH-^ -CH-NO 
5 I 
(Intense dark blue ^^ ^^ our iLs 
ether solution; 
Redissolve ^ ^^ ^^ ^ j^^^ 
pass more HCl 5 1 
01 
Colour less 
study of the mechanism of the acid hydrolysis reaction was 
made by Kornblum and Brown^. They found that salts of primary 
nitroparaffins and aqueous mineral acids give aldehydes but 
primary nitro olefins and strong mineral acids give initially 
hydroxamic acids v;hich on prolonged reaction decompose to 
hydroxylarnine and a carboxylic acid. The initial "product of 
the reaction of the nitro compound as v/ell as the salt with 
acids is the aci-form. The actual fate of the aci-form is 
controlled by acidity of the medium as shovm by t-he reaction 
7 
R-CH^-NOg 
R-CH = NO^Na R-CH = N 
0 
OH 
-•R- COOH + H^NOH 
aci-form 
of the nitronic e-^ .ters v/hich can be regarded as the frozen 
form of the aci structure. The importance of acid concentration 
is shown by the reaction of the sodium salt of p-nitrophenyl-
nitromethane with 4N and 5^ N HoSO^, the former giving phenyl-
nitromethane in 95^ yield, the latter p-nitrobenzoyl hydroxyl-
arnine in 86% yield. If, however, the ethyl ester is treated 
similarly the products are aldehyde and hydroxamic acid. 
GE=m^G^R^ 
0 
'/ \V-L C—H 
—NHOH 
p-ni t robenzoyl hydroxylarnine 
8 
? + .OH 
.T> '"^OR' 
H^ O 
H 
I 
R-C. 
OR' 
R' = H or G^E^ 
-• K_G-1N~-OH 
J 
OH' 
H 
I 
R— C — N—OH 
I I 
+OH2 OR' 
1 
H 
' / ^ 
R — C — N — 0 — H 
HO +0R' 
i " 
H 
R — C — N = 0 + R'OH + H^ 
I 
OH 
i 
H 
I 
R — 0 = 0 + N2O + H2O 
1 *P-
R—C=N—OH 
+0R' 
-R'OH 
H 
H^ 
1'^  + + 
R—C=i:N=0-H 
-H-*-
R—C = N—OH 
H^ O 
R—C—NHOH + H^ 
II 
0 
Hydroxamic acid 
9 
The kinetics of the participation of water in the 
Nef reaction have been investigated by J.T.Polliard and the 
following detailed mechanism has emerged. 
R 
R ^0 
OH 
+ 
R OH 
R^ ^OH 
+H„0 
+ HgO^—^ ^ 
R OH 
R 1 
R 
yC--N=0 + II^ O 
/1 2 OH 
R 
\ 
C-r-N=:0 H 
(.-OH ^ R V:OH 
slow 
R 
^0=0 H + NOHSHN=0 
R 
;c=o + H-,0 
OH 
^ ^ O H "^OH 
+ H-.0 
R. H . OH 
> CT-NC + H^ O 
•^•OH 
OH 
R 
R 
y 0=0 + H O + NH(0H)2 
-H2O 
HN=0 X 2 
NgO + H2O 
10 
Efforts were made to achieve the hydrolysis to 
carbonyl compounds under milder conditions so that the reaction 
could be extended to comT)ounds having acid sensitive groups. 
Since nitronates have a carbon-nitrogen double bond (C=N), 
cleavage might be possible as in the case of ethylenes with 
permanganate, Shechter and William put this idea in to 
practice adding MgSO^ to the reaction mixture to neutralise the 
alkali formed in the reaction by precipitating Mg (OH)p. 
MgSO^ 
R2C=N02+ KMnO^+ H2O •R2C=0 + Mn02+ KNO2+ KOH. 
Another obvious aonroach for cleavage of the G=N 
of nitronates is to use ozone and this also has been effected 
12 
by McMurry et al . The most practical method for the purpose 
to date, however, employs aqueous TiCl^ -^. It has its origin 
14-in the discovery by Timms and Wildsmith that oximes could be 
NO^ OCH-, R' /O ^ 0 
R — C — R ' ^^ ,^. » R — C = N ( 2 ^ R_C—R' 
reduced to imines by this reagent. Strong acidic conditions 
are avoided in this method by incorporating ammonium acetate 
in six fold excess when the pH of the reaction mixture is 
close to 6 as against 1 in the absence of ammiaonium acetate. 
It was found that while most yields improved on pH adjustment 
11 
2-keto-5-nitro heptane gave 2-methyl-^-ethyl pyrroline. Some of 
0 
N. 
V> 
NO, 
2-keto-5-nitro heptan 2-methyl-4-ethyl Dyrroline 
the transformations achieved by this method are listed below. 
NO 2 
+ 
di-isopropyl 
^Y 
0 amine ^^ 
TiCl 5 
85^ 
NO, 
pH 
NO TiCl-, 
2 5 
Qg NH^OAc-H^O a: 
The mechanism visualises, as in the case of oximes, 
the formation of a comoound in which titanium is bound to the 
12 
oxyp;en of the nitronate and can be written as follows. 
0 .^ 0 0 0 TiCl„ 
NO. ^ ^ ^ ^ ^ 2 
base 11 TiCl 
•K''=^~~X 
H 
OH 
N NH HpO 0 
The details of the N-0 bond cleavage steps are not 
clear but radicals are Drobably involved since Ti-^  is a one 
electron reducing agent. The difficulty with reduction of the 
free nitro compound in that it is not clear at what stage the 
C=N is formed, before 0-Ti bond formation or after and 
consequently two different routes (A & B) can be visualised. 
N^ m-r.. N „+ N"^ 
t TiCl^ ^ "l -H ^ M /?\ /?\ /^\ 
H H 
OH 
.y H^O N' NH ^ 0 
II -• II . _», II 
13 
(B) 
I 5 — ^ I ^ I 
H H 
.OH 
^ V ' 
N NH „ ,, 0 
A di sad van tape of the 'i'iCl., method is that a very large 
excess of I'iCl, has to be used which makes it impractical for 
commercial purposes. In this context the procedure of Komblum 
15 
and Wade is important . The authors advance the following 
interesting mechanism for the reaction. 
Rp-CH-N02+ CH^-CHg-CH^-ONO + NaN02—¥^^^^=0 + GH^-CH2-CH2-0H + 
NaN02 + N2O 
Mechanism: 
R^ OH + NOo >• Ko C + HNO^ 
2 I 2 2 I 2 
NO2 NO2 
R^ G + GH^-CH^-CH^-ONO P^ H^ G- NO + GH^-CH^-O 
2 j ^ d. d c. \ p c: 
NO2 NO. 
CH -CH2-GH2-O + HONO •CH^-CH2-GH2-0H + NOp 
14 
R^ G-N=0 + NOo 2 I 2 
K2 C=N-0 + 0=N-0-N02 
•> R^ G=lN-0 + NpO . 
f 
+ - + -
Ro C=N-0--*-R^ C-N-0 2 I 2 I 
N=0 N=0• 
+N0. 
+ - + -
2 1 2 ( 
N=0 N=0 
/ \ . 
-• Rp G N^ 
1^ =0 
R^ C-
0. 
N Rp G=0 + N^O 
Nitro olefins: 
Important as nitroalkenes are in current synthetic 
methodology they are by no means the only nitro organic 
comiDouncis of importance. Nitro olefins can now be readly 
prepared by Corey's methods who has also evaluated their 
synthetic potential . Reaction of cyclohexene or a noncyclic-
olefin e.g. stilbene, with one equivalent of HgGlo and two 
equivalents of NaNOp in aqueous solution at 25 for 30 hours 
effected nitromercuration in 80^ yield. Base treatment of this 
then supplied the nitro olefin in 98'!^  yield. 
> ^ 
H 
HgCl2 
NaNO. 
^^^Vngci 
/-v^02 
CTlRTT'i n-r t f i e t h v l a m i n e 
15 
Thq nitrocyclohexene thus obtained was then converted 
to such diverse compounds as by simple procedures. 
^'^X.>^^°2 
^ . to. 
CHO 
a° 
NOH 
H 
16 
A recent addition to this class of compounds is that 
17 
of nitroenamines '. Nitroenaraines can be synthesised from 
nitroacetic ester or nitromethane as shown. 
1. CH (OEt)^ + GE/^ 
5 ^ 
COOEt 
NO, 
.GOOEt H K^NH 
••- HG= CC' L^ p. 
^ N GOOEt 
R^ GH=G^ 
2. GHjNO^ + CS2 
OH S 
GH3NO2 •"• g/C=GH-N02 
OEt 
5. (CH^)2 N - G H ( ^ + CH^NOg •CGH )2W-CH=CH-iM02 
OEt 
R^  RMH 
4. K-NCS + HN([|^ •^C=GH-N02 
R2 R^N R2 
The electron density at G-2 of enamines is low 
except in nitroketeneaminals and they react only with powerful 
electrophiles. Nitroketeneaminals can also react with 
bis-electrophiles or condense at two positions to give cyclic 
compounds. 
\ 
H 
G. 
^ , E — E 
-•-N 
+ 
NH 
Me NO. 
•NCOOEt 1 { 
Me 
SH 
NCOOEt 
NO, 
17 
NCOOEt 
Me NO, 
NCOOEt 
^ -
'N —^S 
NCOOEt 
NO, 
Me 
The synthetic potential of nitroenamine is demonstrated 
strikingly by the following synthesis of an azulene. 
MeNO, 
•COR 
18 
D I S C U S S I O N 
In the foregoing ourvey the points of interest in the 
chemistry of nitroalkanes and olefins have been highlighted 
and their synthetic importance briefly referred to. Nitre 
organic compoiinds have also acquired importance as drugs and 
from this point too it should be of interest to explore their 
reactions. A beginning was made v;ith the readily available 
5-nitro-'4~hydroxycoumarin. ^-Hydroxycoumarin reacts vigourously 
with formaldehyde and other aldehydes to give dicouraarol and 
its derivatives. In connection with the DMGO/AcpO oxidation, 
it was found that whereas 4-hydroxycoumarin gave 2,5-dihydro-2-
(2-hydroxybenzoyl)-4H-furo 15,2-01 M J benzopyran-4-one (1)^^, 
5-phenyl-^-hydroxycoumarin supplied the sulphur containing 
compound (3) by way of the intermediate (?) . 
(1) 
19 
It appeared likely that 5-si;bstituted '4-hydrox,ycoumarin 
mir:ht react similarly '-dth formaldehyde to nive compounds of 
type (4), which may then be hydrolyr.ed by base to (S) ..(4)Could 
cyclise directly or mip;ht be made to do so on acid treatment 
to '-^ive 'he chromanone (6). 5-Phenyl-4—hydroxycoumarin proved 
inert to formaldehyde but 5-t)rorao-4—hydroxycoumarin suffered 
an interesting transformation supplyinp; in an almost quantitative 
converjion the prodiicts (1 & 7) encountered in DMoO/ACpO 
oxidation of 4-hydroxycoumarin 'ind dicoumarol. The course of 
this interesting reaction is depicted in the scheme - 1, 
O E^G^O •0 O 
^^ -HBr 
20 
r IT r + 
OH iO ^'.0 
-H 
-Ov.^OO.x^O 
+ H^0 
(1) 
Dehydration 
Hydrogenolysis 
Scheme - I 
21 
The dehydrogenation orodiict (7) formed in small 
amoiints in aqueous solution becomes the major product of the 
reaction if the reaction is conducted in alcohol. This duality 
in behaviour could nossibly be due to the stronger acidic 
conditions that orevail in the aqueous medium. • 
The 5-nitro-4-hydroxycou-iarin could be expected to 
have the same tyoe of reactivity as nitroenamine. It has been 
pointed out that electron denr.ity at C-2 in nitrocoumarin is 
lower than in enamines and as such they react only with the 
more powerful electrophiles. Formaldehyde obviously comes in 
the catego^ y^ of such stronp; electrol^hLies for it has been shown 
to give ^9) with nitroenamine (8) " . 
NH-C=C-N02 — ^ — • CI H-CH=C(CH20H)N02 
(8) (9) 
The cycl ic nroduct (11) was formed i f the react ion 
i s ca r r i ed out with CHpO and r)rimary amine ( 1 0 ) . 
(10) (11) 
22 
The 3-nitro-4-hydrox,7Coumarin, however, failed to 
react with formaldehyde and v/ork up of the reaction mixture 
returned the starting material contaminated by some deep yellow 
impurity, oince (8) reportedly reacts v;ith formaldehyde under 
mild basic conditions, -DH y^ 8, alkali was added to the reaction 
mixture but this merely precipitated the salt of the starting 
material. 
Since 3-nitro-4-hydroxycoumarin (12) is readily formed 
21 
on nitration of 4-hydroxycoumarin and is hydrolysed by 
prolonged base treatment to 2'-hydroxy-2-nitroacetophenone (13) 
in good yield. Attempts were made to react (1^) with different 
Ov^ ^O HNO. 
CH,COOH 
0 
(12) (13) 
aldehydes. Since 2'-hydroxy-2-nitroacetophenone has been 
converted to 3-nitrochromone by reacting it with acetic formic 
anhydride , it comes as a surprise that literature contains 
no reference to reaction of this compound with any aldehyde. 
On exposure to formaldehyde an aqueous solution of 2'-hydroxy-
2-nitroacetoohenone (13) immediately turned turbid and work up 
after sometime gave a compound m.p. 175-76°C. The spectral data 
23 
of the compound did not square with chromanone structure and it 
was easily identified as the oxime (14) by OH and =NOH absorp-
tions in the infrared spectrum (Fig.1) at 3250 and 1650 cm" . 
oince formaldehyde is not incornorated in the reaction-and 
NOH 
(14) 
since intramolecular condensation does not occur in its absence-it 
must be acting as a base in the reaction. To check this it was 
replaced by sodium acetate and the reaction occurred readily 
under these conditions also establishing the visualised role of 
? ^ 
(14) 
formaldehyde. It may be noted here that oxirae (14) has been 
prepared by a circuitous route -^  given below and this method 
is therefore superior for its preparation. 
24 
OEt 
Y"^" F.c. ^ r^VY" 
O'^^^OEt 
0 
When formaldehyde was replaced by benzaldehyde the 
expected reaction, however, did occur to give the flavanone 
(15) as the major product alongwith lesser amount of the 
oxime (14-). Identification of the product as (15) is based 
on M"*"* at 268 in the mass spectrum followed by a strong peak 
^^:>s^^ OH H~P-Ph 
H 
NO, 
(15) 
at 222 resulting through NOp loss. The mass spectrum also, shows 
the usual break down of flavanones in to (16), (17), (18), 
(19) and (20), 
M'^ 'm/z 268 
(19) 
25 
(16) m/z 222 
RDA 
CX^^ c>. 
m/z 120 
(17) 
The nmr spectrum (Fig.2) appears at first to 
contradict this but 2H-doublet at 6 5.79 is infact a quartret 
of which only the inner arras are visible. The resonance of the 
-CH-NOp proton is at the correct value,that of 0-CH-Ph is 
26 
deshielded by 6^ as a result of its oroxiraity to the nitro 
group. The nitro PTOUD probably through dipole-dipole interaction 
also causes an increase in the frequency of the carboxyl group 
(17^5 cm ) which normally anpear at 1690 cm in the infrared 
snectrum of flavanone. The infrared specti?um of (15) (Fig.3) 
shows clearly the presence of the nitro resonance at 1570 cm 
It is not quite clear v/hy the behaviour of these 
two aldehydes differs and further experiments are under way 
to clarify this. So far only salicyaldehyde and o-nitrobenz-
aldehyde have been experimented with ind in both cases the 
oxime was the only product. 
27 
^»lb^3dNViitHSNVUi. 
28 
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E X P E R I M E N T A L 
The molting points were taken on Kofler block and 
are uncorrected. Infrared snecti-a v/ere recorded on a SP5-IOO 
PYE UNIGAM infrared spectrophotometer. The solvents used for 
nmr soectra ar^e indicated r.nd were recorded on varian A60 D 
SDectrometer using TMiS as internal reference. 
1. Preparation of 3-bromo-4—hydrox.ycoumarin; 
4~Hydroxycoumarin ("1 g ) and cupric bromide (O.58 g) 
were refluxed in ethyl acetate (15 ml) for 2^ hours. The 
yellowish preen reaction mixture was filtered and the residue 
washed with ethyl acetate. Combined filtrate was washed several 
times with water, dried over anhydrous sodium sulphate and 
solvent removed. The crude product on crystallisation from 
methanol afforded 3-bromo-^-hydroxycoumarin (0.75 g), 
m.p. 187-90°C. (Lit.^^ m.p. 190-9?°C). 
?-' Reaction of 5-bromo-4—hydroxycoumarin with formaldehyde; 
(i) In alcohol - water: 
3-Bromo-^-hydroxycoumarin (0.2 g) was dissolved in 
alcohol (5 ml) and diluted with v/ater (5 ml). To this was 
added formaldehyde (0.1 ml) and the solution heated at boiling 
water bath for 15 minutes. The yellowish mass which separated 
was filtered, washed with water and dried. The filtrate was 
31 
extracted with ethyl acetate. The extract dried over anhydrous 
sodium sulphate and evaporated to dryness, and the remaining 
protion was mixed with solid obtained earlier. The crude 
product was crystallised I'l om methanol. The crystallisation 
afforded 2,3-dihydro-2-(2-hydroxybenzoyl) -4H-furo [3,2-C] Ql] 
benzopyran-4-one (1) as peathery needles,(0.092 g), m.p. 210-12°C 
/I Q 
(Lit. m.p. 212-14 C). Structure confirmed through direct 
comparision (mmp., ir and nmr) with the authentic sample 
obtained from DMSO/ACpO oxidation of 4-hydroxycoumarin. 
The crystallisation of the residue - obtained after 
evaporation of mother li ^uor - with benzene-light petroleum 
gave 2-(2-hydroxybenzoyl)-4H-furo [3,2-CJ [l] benzopyran-4-one 
(7) as pale yellow prisms (0.026 g), m.p. 183°C (Lit.^^m.p.183-840) 
Structure confirmed through direct comnarision (mmp, ir and nmr) 
with the authentic sample. 
(ii) In alcohol; 
To a solution of 3-bromo-4-hydroxycoumarin (2.15 g) 
in alcohol (15 ml) was added an excess of formaldehyde solution 
(2 ml). The mixture was refluxed for one hour. A yellow compound 
started separating from che clear alcoholic solution during 
this period. The yellow crystalline solid v;as filtered and 
authenticated as (?)• The filtrate was reduced to one - fourth, 
diluted v;ith water, and excracted with chloroform. The residue 
obtained after evaporation of chloroform was subjected to 
32 
chromatographic fractionation over silica gel afforded more 
amount of (7) (combined yield 0,857 g) and (1), 0.045 g. 
3. Preparation of 3-nitro-4—h.ydro:»cycoumarin: 
To a solution of ^-hydroxycouraarin (10;25 g) in 
glacial acetic acid (25 ml), was added fuming nitric acid 
(4.6 ml) in glacial acet:ic acid (5 ml). The mixture was placed 
on boilirg water bath for 5 minutes. A vigorous reaction indicated 
by brown fumes was kept under control by cooling it in ice. 
The crude solid product which separated was filtered and 
crystallised from efchanol to give 5-nitro—4-hydroxycoumarin 
(8.41 g), m,p, 177°C (Lit.^ "* ra.p. 177°C). 
4. Reaction of 3-nitro-4-hydroxycoumarin with formaldehyde: 
3-Nitro-4-hydroxycoumarin when refluxed in alcohol 
in the oresence of excess of formaldehyde for several hours, 
The starting material v/as recovered almost quantitatively, but 
contaminated with yellow impiirities. Addition of 2% alkali to 
the reaction mixture merely orecinitates the salt of 5-nitro-
4-hydroxycoumarin which is regenerated on acidification. 
5. Base hydrolysis of 3-nitro-4-hydroxycoumarin: 
5-Nitro-4-hydroxycoumarin (3*45 g) was dissolved in 
5% KOH solution (150 ml) and allowed to stand at room temperature 
for 24 hours, acidified, filtered and residue washed with water. 
Crystallisation from ethanol afforded 2'-hydroxy-2-nitro-aceto-
21 o 
Dhenone (13) as light yellow prisms (2.22 g),m.p.105 C(Lit.m.p.106C 
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5. Reaction of 2'-hydrox.y-2-nitroacetophenone aldehydes; 
(i) With formaldehyde: 
2'-Hydroxy-2-nit:-roacetophenono (0.2 g) war dissolved 
in boiling water (20 ml). To this was added formaldehyde (1 ml). 
The tnrbidity appears instantaneously but the mixture v/as 
allowed to boil for another 15 minutes, cooled and extracted 
with chloroform, dried and evaporated. The residue on crystalli-
sation from benzene r^ ave the oxime (1^) (0.09? g), m.p. 175-76°C 
(Lit. m.p. 175°C). It gave a positive resiDonse v;ith alcoholic 
FeCl, and quantitative test for nitrogen. 
Spectral date: 
'iJmax (nujol) 3250, 1720, 1650 and 1600 cm"''. 
S(DM60-dg) 12.5 (iHs, = N-OH), 7.1 - 8.0 ppm (^ Hm, Ar H). 
m/z 165 (M"*"*), 120, 90 and 92. 
Acetylation and raethylation of the oxime (1'4-) gave 
normal o-acetyl and o-raethyl products. 
(ii) With benzaldehyde; 
To a solution of 2'-hydroxy-2T-nitroacetoohenone 
(0.5 g) in ethanol (50 ml) benzaldehyde (0.292 g) was added 
and the mixture refluxed for 8 hours. It was allowed to stand 
overnight at room temperature and the yellow crystals separated 
out were filtered. The mother liquor on concentration afforded 
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further yellow crystals (total yield, 0.268 g). It was found 
to be pure and characterised as the flavanone (15), m.p. 155-50°C, 
Spectral data: 
^max (nujol) 1725, 1620, 1570 and 1^70 cm""'. 
^(CDCl,) 5.79 (2Hd, 0 -CH-Ph and O^C-GH-NOg) and 7.0-8.15 
(9Hni, ArH). m/z 268 (M"^*), 222, 192, 120, 105 and 77. 
Further crystallisation from mother liquor p;ave oxime (14-) 
(0.04 g). 
(iii) With salicylaldehyde, o-nitrobenzaldehyde and o-acetoxy-
benzaldehyde: 
Under similar conditions the reaction of 2'-hydroxy-2-
nitroacetonhenone v;ith salicylaldehyde, o-acetoxybenzaldehyde 
or o-nitrobenzaldehyde p-ave only the oxime (14). 
7- Reaction of 2'-hydroxy-2-nitroacetonhenone with sodium acetate; 
2'-hydroxy-2-nitroacetophenone (1 g) was dissolved 
in boiling water (50 ml) and sodium acetate (1.25 mole) in 
water was added to it. The solution was refluxed for about 
5 minutes, cooled in ice, acidified and extracted with ether. 
Removal of the solvent followed by crystallisation of the 
residue using benzene, was obtained oxime (14), 0.626 g and 
unreacted starting material. 
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